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Introduction
A basic proposition of economic theory is that an increase in labour causes, in general, a less than proportionate increase in the amount of output produced. However, "while the part which nature plays in production shows a tendency to diminishing return, the part which man plays shows a tendency to increasing return. The law of increasing return may be worded thus: an increase of labour and capital leads generally to improved organization, which increases the efficiency of the work of labour and capital." (Marshall, 1890) . An example of increasing returns to labour is given by the literature on labour specialization and human capital. A more extensive division of labour increases firms' performance, as the returns to the time spent on tasks is usually greater for workers who concentrate on narrower rages of skills. As Rosen (1983) points out, a motor for specialization is the fact that acquiring knowledge involves a fixed cost, independent of its utilization. As a consequence, its economic return increases with the intensity of its use. Moreover, greater investments in knowledge tend to raise the returns from specialization, because workers become more expert on narrower ranges of tasks, further increasing the benefits from investment in knowledge and a firm's performance (Rosen, 1983; Romer, 1987; Becker, 2009 ).
The empirical literature on the returns to R&D has primarily built on the Schumpeterian hypothesis that firm size confers major advantages in performing R&D, and ultimately, in achieving productivity gains. As a result of economies of scale, larger firms are better at appropriating the returns to R&D and obtain larger profits (Cohen and Levin, 1989) . Also, the market power and access to capital markets of large firms may give them access to investment opportunities that are not available to smaller firms (Klepper, 1996) .
This literature has devoted more than thirty years analyzing what firm characteristics are at the root of the heterogeneous returns to R&D investment (Hall et al., 2010; Mohnen and Hall, 2013) . The role of labour as productive input, however, has only been used to explain the differences in these returns across different groups of small and large firms. Very little attention has been paid to the returns to labour, using R&D to explore differences in these returns.
In this paper, we fill this gap and test the hypothesis of non-diminishing returns to labour for a set of R&D investing companies. Theoretical evidence on specialization and human capital suggests that more R&D intensive firms may have opportunities not only for economies of scale, but also for economies of skill (specialization). Therefore, we postulate that the marginal returns to labour will be non-diminishing for companies with a higher level of knowledge capital (R&D) intensity.
To do so, we propose a structural approach to retrieve production function parameters using a profit function, exploiting the duality between the production and profit functions (McFadden, 1978; Levin and Milgrom, 2004) .
To our knowledge, this hypothesis has not yet been explicitly tested and could provide further insights on the discussion on how investment in human capital specialization could increase firms' returns and ultimately lead to economic growth.
The paper is structured as follows. Section 2 presents the theoretical background on which our proposed empirical framework rests. Section 3 describes the data and the variables selected for the regression analysis. Section 4 presents and discusses the results. Sections 5 concludes.
Theoretical framework
The relationship between profits and size has been analysed by many strands of theoretical and empirical research.
Studies investigating the link between performance and R&D investment have focused on methodologies to retrieve and estimate the returns to R&D, controlling for the size of the firm to explain eventual differences in the returns (Acs and Audretsch, 1987; Link and Rees, 1990; Ciftci and Cready, 2011; Bogliacino and Pianta, 2012; Montresor and Vezzani, 2015) . These studies have shown that the heterogeneity within industries in R&D effort and profitability can be largely attributed to the exploitation of economies of scale. In fact, larger firms are better positioned to appropriate the returns to R&D due to the size and cost spreading advantages of firms (Cohen et al., 1987; Klepper, 1996; Cohen and Klepper, 1996) .
In this regard, Adam Smith and later Alfred Marshall pointed out that one of the main advantage of production on a large scare are the "economies of skill". In particular, after introducing the basic relation between the division of labour into skilled versus unskilled workers, Marshall stated that the main advantage of the division of labour is the fact that the substitution of unskilled labour with machinery improvements cheapens and makes more accurate the work of skilled labour, generating increasing returns. Production technologies become more and more complex and create further opportunities for the division of labour into routine tasks, that can be performed by machines following programmed rules, and non-routine tasks for which the rules are not sufficiently well understood to be programmed and executed by a machine (Autor et al., 2003) . 1 Additionally, he stressed the fact that "the large manufacturer has a much better chance than a small one has, of getting hold of men with exceptional natural abilities, to do the most difficult part of his work, that on which the reputation of his establishment chiefly depends" (Marshall, 1890, Book IV, chapter XI, § 3) .
The literature on labour specialization advocates that non-diminishing marginal returns of labour are the result of technology specialization and specialized (or skilled) workforce in the production process. "The productivity of specialists at particular tasks depends on how much knowledge they have. The dependence of specialization on the knowledge available ties the division of labor to economic progress since progress depends on the growth in human capital and technologies." (Becker, 2009, Chapter XI, p.300) .
Only few studies have analyzed the returns to size. McClelland et al. (1986) explore the theoretical difference between the concepts of returns to size and to scale. They conclude that economies of scale are merely related to the particular production technology and do not require economic efficiency, while economies of size requires the firm to be operating on its input efficiency. Hall and Weiss (1967) , using a cross-section of 341 out of 500 largest firms in the US during 1956-62, discovered either a strong positive and increasing or a diminishing relationship of profit rates with firm size, depending on the specification adopted.
Modern research in labour economics is focused on 'people' rather than on firms (Oi and Idson, 1999; Söderbom et al., 2004) . This literature has studied the impact of various factors, including firm size, on workers earnings. A common finding is that earnings rise with firm size, because employees at larger firms are more productive and hence require higher wages in a competitive labor market (Oi and Idson, 1999) .
Despite the theoretical and empirical evidence on the returns to R&D, little attention has been paid to the returns to labour, considering the opportunities for economies of skill of R&D intensive firms. Therefore, in this paper, we explore the dependence between labour and profits, and we test the hypothesis that the marginal returns to labour differ across levels of knowledge capital (R&D) intensity.
Structural econometric model
The literature on the returns to R&D had relied on a production function framework, where the output of a firm is related to its stock of R&D or knowledge capital, along with the other factors of production. 2 This approach essentially relates (the growth of) partial or total factor productivity to R&D.
However, the danger with the conventional approaches to productivity (output/input) and efficiency as measures of performance is that they tend to disregard the quantity and quality (price) that is accepted by consumers. A company can be productive and efficient and still making no or even negative profits. Profits and survival are typically taken to be positively associated: low current profits may threaten current survival, while high current profits makes exit from a market less likely. Sutton (2006) changes the perspective on this conventional view, by suggesting that the relationship between profits and survival is mediated by investment in 'flexible capabilities', i.e. investment in know-how that can respond quickly and efficiently to changes in future market conditions. Therefore, alternatively to a production function, we rely on a profit function to retrieve the returns to labour and other factors of production. The proposed framework can be generalized to retrieve measures of profitability, such as profits per employee. Under the (usual) assumptions of profit-maximizing behaviour, imperfect capital market competition and Cobb-Douglas production technology, the production function of a company can be written as
where Q is output (in terms of value added), L and C are the traditional labour and physical capital input factors, K is the knowledge capital, α, β, and γ are the elasticities with respect to each of the inputs. Firms face Dixit-Stiglitz demand curves, where the demanded quantity is a function of the constant elasticity of demand, η, the industry aggregate price index, P t , and total market size, I t . The demand is then Q D it = P 1−η t I t (P i ) η , and the market size given by the revenues of n firms in a market,
Profits, defined as revenues minus costs, are a variable proportion of output, 3
where, taking the inverse demand function,
for changes in input prices, v t and aggregate market prices and quantity indices, P t and I jt .
Substituting Q it in (2) with (1) and taking logs, we can write the profits as
where the small-case letters indicate logs. To proxy for market-varying characteristics we use the log of aggregate industry sales.
To account for non-linearity in size, 4 we re-write (3) as
McFadden ( 1978) introduced the profit analog of the duality theorem, relating the structural properties of production possibilities to the structural of cost and profit functions. Lau (1976) proposes econometric application of the profit function. In particular, he shows how estimated of production elasticities may be derived given the elasticities of the normalized profit function. 4 We also tried a third degree polynomial, but the results were inconsistent across estimation approaches and estimation samples.
5 Another well-known problem when estimating the contribution of R&D to output is the 'double-
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To tackle such endogeneity issues, scholars have proposed a number of econometric techniques, ranging from instrumental variables to control function approaches (see Ackerberg et al., 2007) . In the next section, we report and discuss the results from a two-step GMM and other econometric approaches used as robustness check. In our specification, having assumed physical capital market imperfections, labour and knowledge capital are endogenous and instrumented by their lagged values.
Data
We estimate (4) using a panel data set of R&D intensive companies, coming from the EU Industrial R&D Investment Scoreboard (http://iri.jrc.ec.europa.eu/) EU R&D Scoreboard form here onwards. The EU R&D Scoreboard covers nearly all the more important players in term of R&D investments in the world (especially in mid-high and high-tech sectors) and accounts for nearly 90% of the total world R&D expenditure. 6 A number of studies has used the EU R&D Scoreboard data to investigate a number counting' of R&D (Schankerman, 1981) . R&D investment consists of investment in physical capital, labour and possibly in other factors. These traditional inputs are already included in the production function, and failing to correct the mismeasurement produce a bias in the estimation of output elasticities of both R&D and labour. If the data do not provide information on the number of R&D employees and physical R&D capital that allow to correct for the double-counting, (Mairesse and Hall, 1996, p.5) show that the estimates will not be incorrect, but the measured R&D coefficient will be an 'excess' elasticity of output to R&D, rather than a total elasticity. 6 It refers to the most updated figures by EUROSTAT (EC), where the Business Enterprise Expenditure on R&D (BERD) financed by the business enterprise sector in 2009 is compared with the overall R&D investments of the same year coming from the EU R&D Scoreboard companies. of interesting issues (Cincera et al., 2010; García-Manjón and Romero-Merino, 2012; Cincera and Veugelers, 2014; Montresor and Vezzani, 2015; Amoroso et al., 2015) . The balanced panel data set contains economic and financial data 7 of the top 2000 world R&D investors and cover the 2004-2012 period. Data are collected from the companies' published accounts and refer to the ultimate parent company in the case of consolidated groups. Therefore, the country attributed to a given company refers to the country where headquarter is located. Subsidiaries are included when consolidated group accounts of the ultimate parent company are not available. The key variable of the EU R&D Scoreboard is the cash investment in R&D (as from international accounting standards) that the companies funded themselves, excluding those undertaken under contract for customers such as government or other companies. In addition, companies report data on net sales, operating profit, capital expenditure, number of employees and market capitalization. The EU R&D Scoreboard economic data are nominal and expressed in Euro with all foreign currencies converted at the exchange rate of the yearend closing date. All the economic figures have been deflated using the GDP deflators published by the World Bank, and using 2004 as the reference year. For companies located in the Cayman Islands we applied the World average deflator. In the case of companies based in Taiwan (Chinese Taipei), we used the "Implicit GDP Price Indices" taken from the OECD-MSTI database. By its very nature the EU R&D Scoreboard sample is somehow biased towards medium-large companies. Table 1 reports summary statistics of the variables included in the empirical model for the whole estimation sample and by knowledge capital intensity. Knowledge capital intensity, k int., is defined as knowledge capital per euro of physical capital. We use knowledge capital intensity to test the hypothesis that knowledge-intensive firms have non-diminishing returns to labour. Therefore, taking the median as a cutoff value, we split the sample into two: below and above the 50-th percentile of knowledge capital intensity. Market-varying characteristics φ are proxied by the log of aggregate industry sales.
Additional to physical and knowledge capital, we control for the age of the company. The age of the companies is calculated as the number of years from the foundation date. The foundation date of a company may refer to the historical foundation date of the business, or to the creation of a new business via mergers and acquisitions, or spin-offs (i.e. the divisions of companies become independent businesses). Hence, a firm's age can be reset to zero if it changes its incorporation status or is acquired. There is a large literature on the relationship between firm age and its performance, without any claim of being exhaustive we refer to some recent works to highlight that a general consensus on a positive relationship seems to emerge. Indeed, Cincera and Veugelers (2014) , using sample of top world R&D investing companies, find that young leading innovators gain higher corporate returns from R&D, but this holds true only for US companies. Schneider and Veugelers (2010) provide evidence supporting the hypothesis that young innovative companies introduce more radical innovations. Table 1 shows that all variables are positively skewed (except for the growth of operating profits and the market characteristic φ) and displays the means and skewness of the variables across the two samples. Companies that are less knowledge intensive have on average larger operating profits, physical capital and number of employees, and are "older". More knowledge intensive firms have, clearly, larger R&D capital and higher average profit growth (about 2.5 times higher than less knowledge intensive firms). Table 2 reports the main findings of the econometric analysis of the relationship between firms' profits and labour for R&D intensive companies. The estimations allow to take into account for the likely endogeneity of labour and R&D capital. The reported Hansen test of overidentification validates at the 5% level the set of instruments used. Results are organized in three sets of two columns. Each pair of column reports estimations of (3) and (4). The first two columns report estimation results for the whole sample of companies, the second and last pairs of columns display results for firms with knowledge intensity smaller or larger than the median value, respectively.
Results and discussion
Results confirm the hypothesis of non-diminishing marginal returns to labour for the sample of biggest world R&D investors. More specifically, the coefficient measuring the return to square labour is negative but not statistically significant for the whole sample of firms, negative and statistically significant for the set of companies that are less knowledge intensive, and equal to zero for the more knowledge intensive firms. When considering the specification as in equation (3) (without the second degree labour polynomial), output labour elasticities are estimated between 36 and 39%. When including the quadratic term, the estimated labour elasticities are larger for the whole sample and for the less technological intensive. This is due to the fact that the elasticity of output with respect to labour is not α anymore, but it is α 1 + 2α 2 l. This means that the percentage change in output for one percent change in labour is smaller as the number of employees increases. Taking the average value of l of the less knowledge capital intensive firms, their profit elasticity of labour is equal to 37%. Figure 2 displays the estimated total product of labour (TPL) for more and less knowledge intensive firms, and shows that firms that are less knowledge capital intensive exhibit diminishing marginal returns to labour, obeying the law depicted in Figure 1 , while more knowledge intensive firms do not.
The estimated elasticities of knowledge and physical capital are in line with the results generally reported in the augmented production function literature (see Hall et al., 2010) . The profit elasticities of physical capital are larger then the elasticity of knowledge capital for the whole sample and for the sample of less knowledge intensive firms. The situation is reversed for firms that have a knowledge intensity above the median (physical and knowledge capital elasticities of 0.255 and 0.343, respectively, although the difference is not statistically significant). Similarly to previous studies that have examined the returns to R&D using the same data but different methodologies, we find that the R&D capital elasticity is larger for more technology intensive firms (Kumbhakar et al., 2012; Cincera and Veugelers, 2014; Montresor and Vezzani, 2015) .
As for the results related to firm age, in line with Coad and Rao (2010) who find a negative effect of age on profitability, we find a consistent negative relationship between age of the firm and profits, suggesting that older companies have lower corporate results. As discussed in Section 3, the age of the Scoreboard companies identifies the number of years from the foundation year, which can be reset to zero in case of ownership restructuring. Therefore, in this case the group of 'younger' firms not only includes firms truly founded recently, but also denotes a group of firms that are more dynamic, as they undergo changes in ownership structure to lift/rejuvenate or change corporate strategy and business focus (Moncada-Paternò-Castello, 2015) . Several studies have analysed the impact of ownership structure on firm performance and often point at the evidence that changes in performance are positively associated with changes in ownership (Cole and Mehran, 1998) .
Robustness analysis
Tables 3, 4 and 5 compare the estimated input factors elasticities estimated from a within estimation (FE), a generalized least square (GLS) allowing for panels autocorrelation and heteroskedasticity, and least absolute deviation (median) regression. The within estimator yields smaller coefficients of labour and physical capital, and larger returns to knowledge capital. The coefficient measuring the quadratic impact of labour on profits is negative for the whole sample, but no statistical difference is found among the two groups of firms. Results from the GLS estimation in Table 4 are similar to those Figure 2 obtained with instrumental variables, with evidence of diminishing returns to labour only for the less knowledge intensive companies. When turning to median regressions, Table 5 , the profit function parameter are in concordance with IV and GLS estimates, and there is no evidence of diminishing returns to labour in any of the samples. Figure 4 displays the estimated coefficient of the quadratic term in labour, α 2 , from the quantile regression and the 95% confidence interval. While for more knowledge intensive firms marginal returns are decreasing till approximately the 30th percentile, for the other sample, marginal returns to labour continue to be decreasing until the 40th percentile. In other words, less knowledge intensive firms have to be able to generate a lot more profits than their counterparts to achieve non-diminishing marginal returns to their workers. Additionally, more knowledge intensive companies have a higher operating profit growth rate. Therefore, one can conclude that R&D capital investment may help firms to reach the threshold of non-diminishing/increasing returns to labour faster than if they did not invest as much in R&D. Figure 4 shows that a large part of the story behind the marginal returns to labour depends on the level of operating profits. Figure 3 shows that firms with larger profits are also larger in size. Therefore, the returns to labour increase with firm size. This is in line with Marshall's prediction of higher economies of skill for larger manufacturers: an increase in team size results in greater specialization and division of labor, which raises both the marginal product of effort and expected output per worker (Becker and Murphy, 1992) .
A second interpretation to these results is that larger corporations are likely to operate internationally as they have more financial resources and better international experience. In an era of global value chains, where firms geographically separate different production stages across the world to exploit differences in production costs, the complex and tightly coordinated production systems call for an international inter-firm divisions of labour. In addition, the advances in information and communication technology (ICT) have reduced the difficulty of coordinating international processes and have shifted the organization of work toward flexible and self-managed team structure, job rotation and worker multitasking (Bresnahan et al., 2002; Bloom and Van Reenen, 2011) . A deeper analysis on the degree of internationalization (and firms organizational choices, such as offshoring and outsourcing) and its impact of the returns to labour is needed and left for future investigation. 
Conclusions
A basic assumption in the economic literature is the one of diminishing marginal returns to labour, where an increase in a labour would lead in a less the proportionate increase in output. One of the exceptions to the law of diminishing returns is advanced by theories on knowledge and labour specialization (Romer, 1987; Rosen, 1983; Becker, 2009) , where it is assumed that an increase in the knowledge investment embodied in the human capital of workers raises the marginal product of labour. With this hypothesis in mind, we contribute to the applied economic literature by testing the evidence of non-diminishing returns to labour in knowledge intensive companies. To our knowledge, this hypothesis has not yet been explicitly tested and could provide further insights on the discussion on how 'on-the-job' training and other kinds of investment in human capital (Becker, 1962) could increase firms' returns and ultimately lead to economic growth.
We investigated the marginal returns to labour of a panel data set of the top world R&D investors (EU Industrial R&D Investment Scoreboard). We divided the estimation sample by knowledge capital intensity (R&D-physical capital ratio) level to explore differences in the marginal returns to labour across sub-samples. Additionally, we proposed a novel structural approach to the estimation of production functions parameters that relies on profit functions.
We estimated and compared the regression coefficients of the profit functions across a number of econometric approaches. Results show that more knowledge intensive firms have non-diminishing returns to labour, while less knowledge intensive companies exhibit diminishing returns. Moreover, results from a quantile regression analysis provide further inside on the relationship between size and marginal returns. On the one hand, returns to labour increase with profits, which are correlated with size. The increase in size may lead to greater specialization and to an international division of labour. Thanks to the advances in ICT, coordination of international organizations has shifted the new division of labour toward a more flexible and multi-tasking team structure, which raises both marginal product of workers' effort and their productivity. On the other hand, less knowledge intensive firms have to be able to grow more than their counterparts to achieve non-diminishing marginal returns to their workforce. However, the average profit growth of more knowledge intensive group of firms is almost three times larger than the less knowledge intensive one, thus investing in knowledge capital will allow firms to grow faster and achieve non-diminishing gains from labour sooner.
